Pharmacotherapy to treat stimulant use disorders continues to be an unmet medical need. Some evidence supports both the role of opioids in mediating abuse-related amphetamine effects and the potential utility of opioid antagonists as therapeutic candidates for treating amphetamine abuse. This study used intracranial self-stimulation (ICSS) to evaluate effects of exposure to and termination of naltrexone maintenance on rewarding amphetamine effects in an ICSS procedure in rats. Morphine and cocaine were included as a positive and negative controls, respectively. Male Sprague-Dawley rats (N ϭ 40) were trained to lever press for electrical brain stimulation to the medial forebrain bundle via an implanted electrode. Rats were then implanted with osmotic pumps delivering naltrexone (0.001 mg/kg/h, SC, 0.01 mg/kg/h, SC, or 0.1 mg/kg/h, SC) or saline for 14 days. Cumulative dose-effect curves were determined for amphetamine (0.032 mg/kg to 0.32 mg/kg), cocaine (1 mg/kg to 10 mg/kg), and morphine (1 mg/kg to 10 mg/kg) during the 2nd week of naltrexone maintenance. Additionally, dose-effect curves for morphine and amphetamine were determined again 24 hr after pump removal. Our results suggest that (a) exposure to and termination of naltrexone maintenance do not affect baseline ICSS responding, (b) naltrexone doses sufficient to antagonize morphine did not alter amphetamine or cocaine effects, and (c) termination of naltrexone treatment produced weak evidence for increased morphine sensitivity but no change in amphetamine effects. Our results do not support naltrexone as a pharmacotherapy for amphetamine and cocaine abuse and also suggest that termination from chronic naltrexone does not increase sensitivity to abuse-related morphine or amphetamine effects in ICSS.
Amphetamine and amphetamine-type stimulants continue to be abused world-wide at an increasing rate, and disorders due to their abuse rank second only to opioids (UNODC, 2017) . Currently, there are supportive therapies available for amphetamine abuse, but there are no approved medications. Amphetamine belongs to a class of compounds that interact with monoamine transporters to ultimately promote monoamine release (Fleckenstein, Volz, Riddle, Gibb, & Hanson, 2007; Sulzer et al., 1995) . However, other evidence suggests that amphetamine may also produce some effects mediated by the release of endogenous opioids and subsequent activation of opioid receptors. For example, both acute and chronic amphetamine treatment increased preprodynorphin and preproenkephalin mRNA expression in rat striatal neurons (Wang & McGinty, 1995) , and microdialysis studies in rats have reported an increase in endorphin levels in nucleus accumbens after amphetamine administration (Olive, Koenig, Nannini, & Hodge, 2001) . Behavioral studies suggest a subtle role for opioid signaling in amphetamine effects. For example, effects of the moderately -selective opioid antagonist naltrexone were evaluated on amphetamine-induced stimulation of rearing and horizontal locomotor activity and on sensitization to these effects after repeated amphetamine in rats (Balcells-Olivero & Vezina, 1997; Haggkvist et al., 2011) . Naltrexone blocked both acute increases in rearing and development of rearing sensitization; conversely, it failed to block acute increases in locomotion or development of locomotor sensitization, although it did attenuate expression of locomotor sensitization.
Intracranial self-stimulation (ICSS) is a behavioral assay that has been used to investigate both abuse-related effects of amphetamine and the role of opioid signaling in mediation of those effects. ICSS is an operant behavioral procedure in which subjects are trained to lever press for pulses of brain stimulation delivered to a brain reward area via a chronically implanted microelectrode, and many drugs of abuse increase (or "facilitate") low rates of ICSS responding maintained by low frequencies or intensities of brain stimulation (Negus & Miller, 2014) . Amphetamine reliably facilitates ICSS (e.g., Bauer, Banks, Blough, & Negus, 2013a) , and early studies found that another moderately selective -antagonist, naloxone, dose-dependently blocked or attenuated amphetamineinduced ICSS facilitation (Esposito, Perry, & Kornetsky, 1980; Holtzman, 1976) . Additionally, a more recent study found that an extended-release naltrexone formulation decreased amphetamine effects on ICSS, although the duration of these effects did not correlate with plasma naltrexone levels, and amphetamine effects were not blocked by acute or repeated daily naltrexone doses (Todtenkopf et al., 2009) .
The goal of the present study was to build on these previous studies in two ways. First, naltrexone effects were directly compared on changes in ICSS produced by morphine, amphetamine, and cocaine. Naltrexone was delivered continuously via osmotic minipumps because previous evidence indicated that amphetamine effects on ICSS were more sensitive to an extended-release naltrexone formulation than to acute or repeated daily naltrexone doses (Todtenkopf et al., 2009) . Morphine was included as a positive control to determine potency of naltrexone maintenance to block -opioid receptors. Cocaine was included as a negative control given previous evidence that naltrexone does not alter cocaine-induced ICSS facilitation (Pabello et al., 1998) . We hypothesized that naltrexone maintenance doses sufficient to block morphine effects would also block or attenuate effects of amphetamine but not cocaine. Second, chronic naltrexone treatment can produce upregulation of -opioid receptors and increase sensitivity to effects of -antagonists like morphine (Bardo, Neisewander, & Ennis, 1988; Diaz et al., 2002; Lesscher et al., 2003; Zukin et al., 1982) . Accordingly, effects of morphine and amphetamine were also evaluated on the day after removal of naltrexone minipumps. We hypothesized that termination of naltrexone treatment could augment ICSS effects of morphine and also of any receptormediated effects of amphetamine.
Method Subjects
Forty adult male Sprague-Dawley rats (Envigo, Frederick, MD) that weighed at least 290g before surgery were used. Rats were singly housed with free access to food and water and maintained on a 12-hr light/dark cycle (lights on from 6 a.m. to 6 p.m.) in a facility accredited by the Association for the Assessment and Accreditation of Laboratory Animal Care. All experiments were performed with the approval of the Institutional Animal Care and Use Committee at Virginia Commonwealth University in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (National Research Council, 2011) .
Surgery
Surgical procedures were similar to those described previously (Bonano et al., 2015) . Briefly, rats were anesthetized with isoflurane (3% in oxygen; Webster Veterinary, Phoenix, AZ) for stereotaxic implantation of the cathode (0.25 mm diameter, insulated except at tip) of a stainless steel electrode (Plastics One, Roanoke, VA) into the left medial forebrain bundle at the level of the lateral hypothalamus (2.8 mm posterior to bregma, 1.7 mm lateral to the midsagittal suture, and 8.8 mm ventral to the skull). Three screws were implanted into the skull, and the anode (0.125 mm diameter, uninsulated) was wrapped around one of the screws to act as a ground. Dental acrylic secured the electrode to the screws and skull. Ketoprofen (5 mg/kg) was administered as a postoperative analgesic immediately and 24 hours postsurgery. Animals were allowed to recover for at least 5 days before initiation of ICSS training.
Apparatus
Studies were conducted in operant conditioning chambers (29.2 cm ϫ 30.5 cm ϫ 24.1 cm) housed in sound-attenuating boxes and equipped with a response lever, three stimulus lights above the lever, a house light, and an ICSS stimulator (Med Associates, St Albans, VT). The intracranial electrode was connected to the stimulator via bipolar cables routed through a swivelcommutator (Model SL2C, Plastics One). Stimulus deliveries were controlled and lever-press responses were recorded with a computer and interface operated by MED-PC IV computer software (Med Associates).
Training
Each behavioral session commenced with illumination of the house light. Rats were trained to lever press under a fixed-ratio 1 (FR 1) schedule for brain stimulation delivered via the intracranial electrode. Each stimulation consisted of a 0.5-s train of squarewave cathodal pulses (0.1 ms per pulse) at a designated frequency and amplitude and was accompanied by illumination of the three stimulus lights over the lever. During initial 60-min training sessions, the stimulation frequency and amplitude were fixed at 126 Hz and 150 A, respectively. Amplitude was adjusted in each rat to a level sufficient to maintain response rates Ͼ30 responses/min. Frequency manipulations were then introduced during 30-min behavioral sessions consisting of three 10-min components, and each component consisted of 10 1-min frequency trials. The frequency of brain stimulation decreased across trials in 0.05 log increments from 2.2 log Hz to 1.75 log Hz. Each trial began with an initial 10-s time out, during which the house light was off and responding had no scheduled consequences, and during the last 5 s of this time-out, five noncontingent stimulations at the designated frequency were delivered at 1-s intervals. For the remaining 50 s of each trial, the house light was illuminated, and responding produced both brain stimulation and illumination of the three stimulus lights under an FR1 schedule as described above. ICSS training was considered complete when frequency-rate curves were not statistically different over three consecutive days of training as indicated by lack of a significant effect of day in a two-way analysis of variance (ANOVA) with day and frequency as the main effect variables (see Data Analysis section). All training was completed within 6 to 7 weeks of surgery. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Testing
Rats were tested using a 15-day protocol shown in Figure 1 . On Day 0, rats were anesthetized with isoflurane for implantation in the midscapular region of subcutaneous osmotic minipumps (Model 2ML2, 5 l/h flow rate, Alzet, Cupertino, CA) that delivered a continuous 14-day infusion of saline (N ϭ 14) or one of three naltrexone doses (0.001 mg/kg/h, N ϭ 6; 0.01 mg/kg/h, N ϭ 6; or 0.1 mg/kg/h; N ϭ 14). Cumulative-dosing test sessions were conducted on Days 7, 9, and 11 with morphine (1 mg/kg to 10 mg/kg), amphetamine (0.032 mg/kg to 0.32 mg/kg), or cocaine (1 mg/kg to 10 mg/kg), and order of testing of these three drugs was counterbalanced across rats using a Latin square design. Test sessions for each drug began with three baseline ICSS components followed by a series of drug injections and test components. For morphine, sequential doses were administered every 50 min, and pairs of test components began 30 min after each injection. For cocaine and amphetamine, doses were administered every 30 min, and pairs of test components began 10 min after each injection. Each dose increased the total cumulative dose by 0.5 log units. Pumps were removed on Day 14. On Day 15, cumulative doseeffect curves were redetermined for morphine in 6 rats from all groups and for amphetamine in 8 rats treated with saline or the highest naltrexone dose (0.1 mg/kg/h). Three-component baseline sessions were conducted on all other days except Days 12 and 13, when behavioral sessions were omitted. On Day 14, the baseline session was conducted prior to minipump removal. Rats were weighed daily during the 15-day treatment period. All doses and treatment times were based on prior studies and preliminary data (Altarifi & Negus, 2011; Bauer et al., 2013a; Todtenkopf et al., 2009) .
Data Analysis
The primary dependent variable was the reinforcement rate in stimulations per minute during each frequency trial. Data from the first baseline component of each session were discarded. The maximum rate observed during any frequency trial of the second and third baseline components were averaged to yield the maximum control rate (MCR) for that rat on that day. MCR values before minipump implantation were compared across groups by one-way ANOVA, and the criterion of significance for this and all other statistical tests was p Ͻ .05. Additionally, MCR values across days were evaluated by two-way ANOVA with treatment group and experimental day as the two factors, and a significant ANOVA was followed by the HolmSidak post hoc test. Because MCR values were similar between groups and stable across time, data from each trial on a given day were then normalized to the MCR for that day using the equation: %MCR ϭ (reinforcement rate during a frequency trial/MCR) ϫ 100. Subsequently, frequency-rate curves that related brain-stimulation frequency to %MCR were determined in each rat under three general conditions. First, a prepump baseline was determined in each rat by averaging data from the second and third baseline components for the three consecutive days before pump implantation. Second, daily baseline data were determined on each day after pump implantation by averaging data from the second and third baseline components on that day (except Days 12 and 13, when ICSS sessions were omitted). Last, test data after drug administration were determined in each rat by averaging data from the two test components after administration of each drug dose. Data were then averaged across rats in each condition to yield mean frequency-rate curves. To compare effects of saline and naltrexone treatment on baseline ICSS, the prepump frequency-rate curves in each group were compared to the daily baselines for treatment Days 7, 14 (last day of naltrexone treatment), and 15 (naltrexone termination) using two-way ANOVA, with brain-stimulation frequency and treatment day as the two factors. To evaluate drug effects on ICSS, the daily baseline frequency-rate curve for a given test day was compared to frequency-rate curves collected after administration of each drug dose on that day. These data were analyzed by two-way ANOVA, with brain-stimulation frequency and drug dose as the two factors. A significant ANOVA was followed by the Holm-Sidak post hoc test.
Finally, an additional summary measure of ICSS was used to compare test drug effects across saline/naltrexone treatment groups. For this analysis, the total number of stimulations per component was collapsed across all 10 frequency trials. As with analysis of MCR values, the total numbers of stimulations per component from baseline sessions before minipump implantation were compared across groups by one-way ANOVA, and data across days within each group were compared by two-way ANOVA. Because the total numbers of baseline stimulations per component were similar between groups and stable across time, data for each cumulative test-drug dose were normalized to baseline data on that day using the equation % baseline total stimulations per component ϭ (mean total stimulations per test component/mean total stimulations per baseline component) ϫ 100. Data were then averaged across rats and compared by two-way ANOVA, with cumulative drug dose as a within-subjects factor and naltrexone dose as a between-subjects factor. A significant ANOVA was followed by the Holm-Sidak post hoc test. All statistical analysis was conducted in Prism 7.0 (Graphpad Software, La Jolla, CA). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Drugs
Naltrexone HCl, morphine sulfate, (ϩ)-amphetamine sulfate, and cocaine HCl were provided by the National Institute on Drug Abuse Drug Supply Program (Bethesda, MD). Drug doses are expressed in terms of the salt forms above. Naltrexone was administered SC via minipump. Morphine was administered SC, and amphetamine and cocaine were administered IP. Table 1 shows that there were no significant differences across treatment groups in either maximum control rates (MCR) per trial or baseline numbers of stimulations per component before the implantation of minipumps. Additionally, two-way ANOVA of these baseline parameters across groups and time indicated no main effect of treatment group or interaction between treatment group and time. There was a significant main effect of time for both MCR, F(13, 468) Figure 1 in the online supplemental material shows that, prior to implantation of minipumps, brain stimulation maintained a frequency-dependent increase in response rates in all treatment groups (empty circles in all panels). Figure 1 in the online supplemental material also shows that baseline ICSS frequency-rate curves were not affected by either exposure to or termination of naltrexone treatment. Figure 2 shows effects of 1.0 mg/kg to 10 mg/kg morphine (Panels A through D), 0.032 mg/kg to 0.32 mg/kg amphetamine (Panels E through H), and 1.0 mg/kg to 10 mg/kg cocaine (Panels I through L) on full ICSS frequency-rate curves during maintenance on saline or increasing naltrexone doses, and statistical results below show only the Dose ϫ Frequency interaction effects for brevity. Morphine produced primarily a dose-dependent decrease in ICSS during saline maintenance, F(27, 351) ϭ 39.48, p Ͻ .0001, and these morphine effects were dose-dependently attenuated by increasing naltrexone maintenance doses (0.001 mg/kg/h, F [27, 135] Figure 3B ) and cocaine (see Figure 3C ) produced dose-dependent facilitation of ICSS in saline-treated rats, but naltrexone did not significantly alter the ICSS facilitating effects of either amphetamine or cocaine (only main effects of amphetamine dose, F [2, 72] Figure 4 shows effects of 1.0 mg/kg and 10 mg/kg morphine (Panels A and B) and 0.032 mg/kg to 0.32 mg/kg amphetamine (Panels C and D) on full ICSS frequency-rate curves one day after removal of saline or high-dose (0.1 mg/kg/hr) naltrexone pumps, and the following statistical results show only Dose ϫ Frequency interaction effects for brevity. Morphine primarily decreased ICSS after removal of either saline pumps, F(27, 135) ϭ 14.01, p Ͻ .0001, or 0.1 mg/kg/hr naltrexone pumps, F(27, 135) ϭ 21.96, p Ͻ .0001. Some rats treated with 3.2 mg/kg morphine after termination of 0.1 mg/ kg/hr naltrexone treatment displayed extreme sedation usually observed only after administration of 10 mg/kg morphine in salinetreated rats. Amphetamine dose-dependently facilitated ICSS after removal of either saline pumps, F(27, 189) ϭ 6.48, p Ͻ .0001, or 0.1 mg/kg/hr naltrexone pumps, F(27, 189) ϭ 10.71, p Ͻ .0001. Figure 5 shows summary data to permit comparison of test-drug effects across saline/naltrexone treatment groups. After pump removal, morphine produced dose-dependent decreases in this summary measure of ICSS, and there was no difference in morphine effects across treatment groups (only a main effect of morphine dose, F[2, 10] ϭ 119.9, p Ͻ .0001). Amphetamine dose-dependently increased ICSS, and there was no difference in amphetamine effects across treatment groups (only a main effect of amphetamine dose, F[2, 28] ϭ 47.48, p Ͻ .0001). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Results

Baseline ICSS Performance and Effects of Naltrexone Treatment
Effects of Morphine, Amphetamine, and Cocaine During Saline or Naltrexone Treatment
Effects of Morphine and Amphetamine After Termination of Saline or Naltrexone Treatment
Discussion
This study compared the effects of exposure to and termination of naltrexone maintenance on morphine, amphetamine, and cocaine effects in an ICSS procedure. There were three main findings. First, naltrexone maintenance did not alter baseline ICSS performance relative to saline maintenance. Second, naltrexone maintenance dose-dependently antagonized morphine effects on ICSS, and termination of naltrexone treatment produced weak evidence for increased morphine sensitivity. Last, neither exposure to nor termination of naltrexone maintenance significantly altered amphetamine-induced ICSS facilitation, and naltrexone maintenance also failed to alter cocaine-induced ICSS facilitation. Overall, these results do not support a role for opioid receptors in amphetamine-induced facilitation of ICSS in rats. Moreover, to the degree that ICSS facilitation is predictive of abuse liability, these results do not support use of naltrexone maintenance as an effective treatment for amphetamine abuse.
The failure of naltrexone maintenance to alter baseline ICSS performance in this study is consistent with previous findings that have shown no effect of acute or chronic -opioid antagonist treatment on ICSS in nondependent rats (Altarifi, Miller, & Negus, 2012; Schenk & Nawiesniak, 1985; Todtenkopf et al., 2009; Weibel & Wolf, 1979) . These results suggest that endogenous Figure 2 . Effects of morphine (Panels A through D), amphetamine (Panels E through H), or cocaine (Panels I through L) on intracranial self-stimulation (ICSS) frequency-rate curves during maintenance on saline or naltrexone (0.001 mg/kg/hr to 0.1 mg/kg/hr). Abscissae refer to the frequency of electrical brain stimulation in log Hz. Ordinates refer to the reinforcement rate expressed as percentage of maximum control reinforcement rate (% MCR). All data are mean Ϯ SEM for N ϭ 14 (saline, 0.1 mg/kg/h naltrexone [NTX] ) or N ϭ 6 (0.001 and 0.01 mg/kg/h NTX). Solid circles indicate significantly different from "test day baseline," as indicated by a significant two-way analysis of variance followed by the Holm-Sidak post hoc test (p Ͻ .05). This document is copyrighted by the American Psychological Association or one of its allied publishers.
opioids acting at -opioid receptors do not play a significant role in maintenance of ICSS in the absence of opioid dependence. In contrast, naltrexone and other -opioid antagonists can precipitate opioid withdrawal and produce withdrawal-associated decreases in ICSS in subjects dependent on -antagonists like morphine (Altarifi et al., 2012; Easterling, Plovnick, & Holtzman, 2000; Schulteis, Markou, Gold, Stinus, & Koob, 1994; Wiebelhaus, Walentiny, & Beardsley, 2016) . Morphine primarily decreased ICSS in saline-treated rats. This agrees with our previous findings that -antagonists primarily decrease ICSS in opioid-naive rats, and that repeated exposure to -antagonists is required to produce tolerance to -antagonistinduced rate-decreasing effects and increased expression of abuserelated rate-increasing effects (Altarifi & Negus, 2011; Miller, Altarifi, & Negus, 2015) . Naltrexone maintenance dose-dependently antagonized morphine effects on ICSS, consistent with other evidence for -opioid receptor mediation of these effects (e.g., (Altarifi et al., 2012) .
Chronic naltrexone treatment can increase -opioid receptor expression (Bardo et al., 1988; Diaz et al., 2002; Schenk & Nawiesniak, 1985; Zukin et al., 1982) , and potency of -antagonists can be increased after termination of naltrexone treatment (Bardo et al., 1988; Young, Mattox, & Doty, 1991) . However, naltrexone termination in the present study produced only weak evidence for increased morphine potency. For example, Figure 4 shows that 3.2 mg/kg morphine significantly decreased ICSS at 4 frequencies (2.05 log Hz to 2.2 log Hz) after saline treatment but at 6 frequencies (1.95 log Hz to 2.2 log Hz) after 0.1 mg/kg/hr naltrexone treatment. Moreover, some rats treated with 3.2 mg/kg morphine after termination of 0.1 mg/kg/hr naltrexone treatment displayed unusually high levels of sedation. Nonetheless, there was not a significant effect of naltrexone treatment on morphine dose-effect curves to decrease the total number of stimulations per component in Figure 5 .
To the degree that a change in morphine effects was observed, there was an increase in morphine potency to produce ratedecreasing effects, not rate-increasing effects. This disagrees with an earlier report that heroin produced greater ICSS facilitation after 20 days of treatment with 10 mg/kg/day naltrexone (administered by daily SC bolus injection) than treatment with repeated saline (Schenk & Nawiesniak, 1985) ; however, that difference was due more to a decline in heroin-induced facilitation in salinetreated rats than to increased facilitation in naltrexone-treated rats. Moreover, the present study used lower daily naltrexone doses (0.001-0.1 mg/kg/hr ϭ 0.024 -2.4 mg/kg/day) validated as sufficient to produce dose-dependent mu-agonist antagonism. Additionally, the present results are consistent with a previous study that reported no change in morphine potency to produce discriminative stimulus or rate-decreasing effects in rats after termination of 3 mg/kg/day naltrexone (administered by minipump as in the present study), although termination of higher naltrexone maintenance doses of 10 and 18 mg/kg/day did increase morphine potency (Young et al., 1991) . Overall, these results suggest that if receptor upregulation did occur during naltrexone maintenance, it did not occur in a pattern that would result in increased expression of abuse-related ICSS facilitation by morphine.
In agreement with many previous studies, amphetamine dosedependently facilitated ICSS in saline-treated rats (Bauer et al., 2013a (Bauer et al., , 2013b . However, in opposition to our working hypothesis, naltrexone maintenance doses sufficient to produce nearly complete antagonism of morphine effects failed to alter amphetamine-induced ICSS facilitation. Previous studies have reported some evidence to suggest that opioid antagonists can Figure 3 . Naltrexone (NTX) blocked the effects of morphine but not of amphetamine or cocaine on the summary measure of intracranial selfstimulation (ICSS) performance. Abscissae refer to drug dose (mg/kg). Ordinates refer to the percentage of baseline number of stimulations per component delivered across all brain stimulation frequencies (% baseline total stimulations). All data are mean Ϯ SEM for N ϭ 14 (saline, 0.1 mg/kg/h NTX) or N ϭ 6 (0.001 and 0.01 mg/kg/h NTX). Solid circles indicate significantly different from "saline," as indicated by a significant two-way analysis of variance followed by the Holm-Sidak post hoc test (p Ͻ .05). This document is copyrighted by the American Psychological Association or one of its allied publishers.
attenuate amphetamine effects on ICSS (Esposito et al., 1980; Holtzman, 1976; Todtenkopf et al., 2009 ). However, even in these studies, opioid antagonist effects were often small and inconsistent. For example, acute antagonist treatments reduced but did not completely block amphetamine effects and produced an effect that was qualitatively different than that for competitive antagonism (Holtzman, 1976) . Also, acute or repeated daily naltrexone treatments failed to alter amphetamine effects, and although treatment with the slow-release naltrexone formulation Vivitrol did decrease amphetamine effects, the duration of that decrease was shorter than the duration of sustained naltrexone plasma levels (Todtenkopf et al., 2009 ). In the same study, even though the plasma naltrexone levels were similar after acute naltrexone treatment and after two weeks of extended-release naltrexone, only the latter blocked amphetamine effects (Todtenkopf et al., 2009) . Taken together with the present findings, these results suggest that naltrexone produces at best only weak and inconsistent decreases in amphetamineinduced ICSS facilitation. These results do not support utility of naltrexone maintenance to treat amphetamine abuse, and this appears to be consistent with recent clinical trials that reported no significant effect of naltrexone maintenance on metrics of either amphetamine or methamphetamine abuse (Coffin et al., 2017; Runarsdottir et al., 2017) . However, some other recent studies have published more encouraging effects of naltrexone. For example, naltrexone pretreatment dose-dependently decreased amphetamine self-administration by rhesus monkeys (Jimenez-Gomez, Winger, Dean, Deaver, & Woods, 2011), although significant decreases were produced only by high doses well above those sufficient to block receptors. Similarly, studies in healthy as well as amphetamine-dependent subjects have reported that naltrexone maintenance decreased subjective effects of amphetamine (Jayaram-Lindstrom, Konstenius, et al., 2008; Jayaram-Lindstrom, Wennberg, Hurd, & Franck, Figure 4 . Effects of morphine (Panels A and B) or amphetamine (Panels C and D) on intracranial selfstimulation (ICSS) frequency-rate curves after removal of saline or 0.1 mg/kg/hr naltrexone minipumps. Abscissae: frequency of electrical brain stimulation in log Hz. Ordinates: reinforcement rate expressed as percentage of maximum control reinforcement rate (% MCR). All data are mean Ϯ SEM for N ϭ 6 (morphine) or N ϭ 8 (amphetamine). Solid circles indicate significantly different from "test day baseline," as indicated by a significant two-way analysis of variance followed by the Holm-Sidak post hoc test (p Ͻ .05). This document is copyrighted by the American Psychological Association or one of its allied publishers.
2004), and decreased metrics of amphetamine use in a placebocontrolled clinical trial (Jayaram-Lindstrom, Hammarberg, Beck, & Franck, 2008) . Lastly, naltrexone also attenuated the reinforcing effects of methamphetamine in a human laboratory study (Marks et al., 2016) , although no effect was observed in another study with a similar experimental design (Stoops, Pike, Hays, Glaser, & Rush, 2015) . Overall, these results suggest that naltrexone is less effective, less potent, and less reliable to block abuse-related effects of amphetamine than of -antagonists like morphine. Consistent with many previous studies, cocaine dosedependently facilitated ICSS in saline-treated rats (Bauer, Banks, & Negus, 2014; Bonano, Runyon, Hassler, Glennon, & Stevens Negus, 2014) . Also, the present results agree with previous findings that naltrexone fails to alter cocaine-induced ICSS facilitation (Pabello et al., 1998) . Opioid antagonist treatments also generally fail to alter self-administration of cocaine in research animals (Ettenberg, Pettit, Bloom, & Koob, 1982; Hutsell, Cheng, Rice, Negus, & Banks, 2016; Mello, Mendelson, Bree, & Lukas, 1990; Moerke, Banks, Cheng, Rice, & Negus, 2017; Pettinati et al., 2014; Rowlett, Wilcox, & Woolverton, 1998; Tanda et al., 2016) , and Vivitrol failed to alter metrics for cocaine use in a recent clinical trial (Pettinati et al., 2014) .
In conclusion, naltrexone doses that were tested in the current investigation were sufficient to dose-dependently antagonize morphine effects but failed to alter effects of amphetamine or cocaine. Also, termination of these naltrexone treatments was not sufficient to produce robust hypersensitivity to morphine effects or to alter amphetamine effects. Overall, our results do not support naltrexone as a pharmacotherapy for amphetamine or cocaine abuse. However, these results also suggest that neither exposure to nor termination of naltrexone maintenance exacerbate abuse-related amphetamine effects. This document is copyrighted by the American Psychological Association or one of its allied publishers.
